This paper investigates the tracking performance of physical and synthetic equity exchange traded funds listed (ETFs) on the London Stock Exchange (LSE) during the period 2008 to 2013. We examine the ETFs accuracy in replicating their benchmark returns, with different geographical focus, applying several tracking metrics and including the financial crisis period. First, we did not find evidence that synthetic ETFs outperformed physical ETFs in terms of lower daily tracking performance. Second, the results show that the ability of ETFs to replicate its benchmark index's returns depends on characteristics of the securities composing the index. Third, we provide evidence that the 2008-2009 financial crises had negative impact on daily tracking performance for all ETFs. Fourth, the method to estimate the tracking error impacts the results.
Introduction
Exchange-traded funds (ETFs) are considered a cost-efficient way to access a multiplicity of investment exposures and hence have increased popularity [3] ). And empirical results indicate that tracking error is negatively associated to the fund's expense ratio. Thus, larger tracking error is produced by the fund with higher expense ratio. However, [4] point out that expense ratio has an impact only on tracking difference. This is because total expense ratio usually stays constant over the calculation's time period (no volatility). Consequently, tracking error is not affected by expense ratio, because tracking error measures the volatility of the difference between the ETF's and the benchmark index's returns. [5] and [6] study the effect of asynchronous trading across international time zones on country ETFs listed on U.S. exchanges. [5] find that time zone difference only partly explains the difference between the ETFs' performance and the benchmark indices' performance. [6] reveals that the more the hours the foreign exchanges overlap with the operating hours of U.S. exchanges, the higher the correlation between ETFS and their benchmark indices. [7] investigate the influence of dividends, spreads of trading prices and exchange rate on tracking error. They find that only exchange rate is a statistically significant factor. An increase in the exchange rate corresponds to a depreciation of the U.S. dollar, thereby, increasing the ETF's NAV. As a result, the dispersion between the ETF's NAV and its benchmark is larger. [4] [8] [9] [10] claim that during the time of market stress, the ability of ETFs that replicate their benchmark indices is reduced. For example, [10] finds that Asian crisis in late 1998 and 1999 had an impact on the i Shares Malaysia. Meanwhile, [8] argue that the global financial crisis of 2008-2009 significantly affected the tracking errors across all ETFs traded on U.S. exchanges. The authors argue that during financial crisis bid-ask spreads are higher, trading volumes are lower. Thus, the creation and redemption process become costly and risky that negatively influences the ability of the ETFs to replicate their benchmark indices.
Additionally, [4] and [9] find that replication methodology affect tracking performance. [4] argue that ETFs using synthetic replication exhibit better tracking performance relative to ETFs using physical replication. This is because ETFs using synthetic replication do not incur experience cash drag (no dividends) and trading costs.
In this paper we examine the tracking performance of physical and synthetic equity exchange traded funds listed (ETFs) on the London Stock Exchange (LSE) during the period 2008 to 2013.
This study aims to contribute to the existing literature on exchange traded funds and tracking performance in several ways. First, to our knowledge, it is the The rest of the paper is organized as follows. The next section discusses the theoretical framework and empirical evidence on exchange traded funds and tracking performance Section 2 presents the data sources and discusses sample selection and methodology implemented. In Section 4 we test the different daily tracking error metrics and present the results of this paper and Section 5 concludes the study.
Data and Methodology

Sample and Data Collection
The Additionally, each ETF is categorized based on replication methodology. Ta 
Methodology
Tracking Error Calculation
ETF's performance can be measure either by their NAV or market prices. It is suggested that the tracking error estimated by the NAV just reflects the fund manager performance, while the market price reflect the supply and demand of ETF's shares in addition to the efficiency of the creation and redemption processes ( [8] ). Since this paper is focused on the ETF ability to replicate their benchmark indices tracking error is measured by ETF's market price inclusive of distributions.
We first compute the daily ETFs and indices returns for each of the ETF in the sample. The daily ETF's return is computed as a natural logarithm of the current period ETF's price, inclusive of distributions, divided by the previous-period ETF's price, inclusive of distributions. The daily index's return is computed as a natural logarithm of the current period index's price, with declared dividend reinvested, divided by the previous-period index's price, with declared dividend reinvested. The length of ETFs and indices return history varies due to data availability. We calculate the tracking error as: In a second step, two daily tracking error metrics are calculated for each ETF in the sample per calendar year, the average daily absolute tracking error and the standard deviation of daily tracking error ( [7] ) as: AIndex is the annual return on the respective index j.
Regression Analysis
It is important to measure how closely daily ETF's returns mimic return variation in its benchmark index. For this reason, the next step of the analysis is to estimate regression where the linear association between an ETF's returns and it benchmark index' returns is calculated. If the daily ETFs' returns perfectly replicate the benchmark index's return, it is expected that coefficient estimated to be close to one. The following regression is performed:
where, 
Results
Daily Tracking Error
We start by presenting average values for the two daily tracking metrics for the ETFs per year, replication method and geographical focus in Figures 1-4 . [5] and [6] find that the differences between the performance of country ETFs, international ETFs, Asian ETFs and the performance of their benchmark indices tend to be larger due to the difference between time zones. For example, many Asian markets are closed during LSE opening hours. That is why some ETFs may respond with some delay to the changing in their benchmark indices. Secondly, [7] find that exchange rate volatility has a significant impact on the country level of tracking error. For example, ETFs that are traded in U.S. dollars shows lower daily tracking errors and tracking differences relative to the ETFs traded in U.K. pounds. Additionally, [4] [5] [7] [8] [12] find that the creation and redemption process of country ETFs, international ETFs, and emerging market ETFs is more complex due to taxes and other obstacles to trade. For these reasons, tracking errors of global ETFs, Europe ETFs, country ETFs, emerging market ETFs, and Asian Pacific region ETFs tend to be larger. Additionally, it is compared tracking errors between physical and synthetic replication. Across all sample, ETFs using synthetic replication do not exhibit better daily tracking performance relative to ETFs using physical replication, although the daily tracking errors vary significantly over time and across ETFs' categories. For example to 2013, U.K. ETFs using synthetic replication shows slightly better daily tracking performance relative to the physical replication. Our findings are inconsistent with the results of [4] who find that tracking errors of synthetic ETFs are 30 bps lower than tracking errors of physical ETFs, on average. [4] claim that synthetic ETFs exhibit lower tacking errors because synthetic ETFs are cheap and do not pay dividends. However, emerging markets ETFs using synthetic replication exhibit larger tracking errors, perhaps because all emerging markets ETFs using synthetic replication in the sample track very small indices (FTSE China 25 Index, FTSE/JSE TOP 40 index, FTSE Vietnam index, FTSE Coast Kuwait 40 index). Table 3 (Panels A and B) reports the summary statistics for tracking difference for each ETF geographical area per year. 3 It should be noted that the tracking differences reported in the exhibit 5 are not adjusted for total expense ratios due to the lack of information. This is because ETFs' providers do not disclose historical expense ratios and it is not available and Datastream and Bloomberg do not provide historical expense ratios either. The average tracking differences presented as well as all other statistics should be look with cautions. This is because some ETFs in the sample outperform their benchmark indices, some ETF in the sample underperform their benchmark indices by the same magnitude. If average these values, the tracking differences appear to diffuse.
Tracking Difference
As can be seen from Table 3 Since total expense ratio has a significant effect on the level of the ETF's tracking difference, Table 4 presents total expense ratios across different ETF's categories for 2013.
The average expense ratio across all ETFs is 0.40. The largest value comes from emerging market ETFs (0.61). These findings are consistent with [14] and [15] . Interestingly is the fact that expense ratios for synthetic ETFs are larger than for physical ETFs, although expense ratios vary significantly across ETFs' categories.
Daily Returns Correlation
We next report the average correlation coefficients of the ETFs' daily returns with their benchmark indices' per year. Across all observations in the sample, the average correlation is 79% between the ETFs' and their benchmark indices' returns. However, values vary across different ETFs' categories and over the sample period. Across all observations in the sample, the highest correlation It is important to note that the ETFs that track indices of non-U.K. securities exhibit noticeably lower correlation returns with their benchmark indices. Across all observations in the sample, the smallest values come from Asian Pacific region ETFs (60%), country ETFs (64%) and emerging markets ETFs (66%).
These findings are consistent with the results described in the previous section that U.K. Equity ETFs show better daily tracking performance compare to non-UK Equity ETFs. A well as these findings are in line with findings of [8] . 
Regression Analysis
As the last step in our analysis we apply equation 5 Our findings are consistent with the findings of [3] [7] [8] . For example, in [8] the median beta across their sample is 0.94. The largest values come from U.S.
ETFs that provide an exposure on U.S. equity market (0.96). In contrast, U.S.
ETFs that track indices of non-U.S. securities tend to have lower betas (0.89). These findings contradict to prior studies of physical and synthetic ETFs.
We also discovered that the financial crisis 2008-2009 had a significant impact on the ability of the ETFs to replicate the performance of their benchmark indices. Most ETFs exhibit larger daily tracking errors and tracking differences during 4 Additionally, we perform difference of means test (t-test). Results show that there is no significance difference between the ETF's returns and its benchmark index's returns at a 1% confidence level. Table 6 . Regression analysis. Overall, we claim that this research provides a significant contribution to the existing evidence on exchange traded funds and tracking performance. To our knowledge, it is the first research analysing the tracking performance of equity ETFs listed on the London Stock Exchange and for a period that involves the recent financial crisis.
The volatile market environment and depressed expected returns of the past several years have increased the use of tracker funds from investors. This research will shed light to the ETFs accuracy in replicating their benchmark returns in the second largest world financial market.
